The sequence of the RNA aptamer used to inhibit RF-1 was generously provided by Shinsuke Sando (Kyushu University) 9 . DNA encoding this aptamer was cloned into a pUC18 plasmid between PstI and BamHI restriction sites. RF-apt was transcribed in vitro using T7 polymerase from the BamHI linearized construct, and was purified by phenolchloroform extraction and gel filtration chromatography using TSK-Gel G3000SW.
Preparation of S30 cell lysates and in vitro translation:
The S30 cell extract was prepared according to Swartz et al 10, 11 . Briefly, KC6 strains, harboring the modified pEVOL plasmid expressing tRNA CUA described above, were grown in defined media in a BioFlo3000 fermentor. Cells were harvested at OD 600 of 3, washed three times with cold S3 S30 buffer (10 mM tris-acetate pH 8.2, 14 mM magnesium acetate, 60 mM potassium acetate), and frozen at -80°C.
The cell pellet was thawed in 1 mL of S30 buffer per gram of cell mass and suspended to homogeneity. The cell suspension was lysed by a single pass through a French Press at 18000-20000 psi. The cell lysate was centrifuged twice at 30000g for 30 min at 4°C and subsequently incubated on a rotary shaker for 80 min at 37°C. The resulting extract was dialyzed (6-8K MWCO, Spectrum, New Brunswick, New Jersey) against 1L of S30 buffer four times for 30 min each. The extract was then clarified by centrifugation at 10000g at 4°C for 20 min. The supernatant was flash frozen and stored at -80°C. The amount of extract obtained from 4L of cell culture was ~ 22ml, which is sufficient for ~ 80 ml translation.
Combined transcription-translation reactions were performed using the PANOx-SP system as described by Swartz 12 . Reactions were carried out at 30°C for 60-70 min either on 20 uL scale in an eppendorf tube or at 5 mL scale in a petri dish. Each reaction typically contained 175 mM potassium glutamate, 10 mM ammonium glutamate, 12 mM magnesium glutamate, 1.2 mM ATP, 0.86 mM each of GTP, UTP and CTP, 34 µg/mL folinic acid, 170 µg/mL E. coli tRNA mixture (Roche), 2 mM of each of the 20 amino acids (in assays using radioactivity, methionine was omitted and 35 S-methionine was added instead), 50 µM Cm, 33 mM phosphoenol pyruvate (Roche), 0.33 mM nicotinamide adenine dinucleotide (NAD), 0.27 mM Coenzyme A, 2.7 mM sodium oxalate, 1.5 mM spermidine, 1.0 mM putrescine, 30-40 µg/mL plasmid, 200 µg/mL T7 RNA polymerase, 250 µg/mL of aaRS D286R, 0.28 volumes of E. coli S30 cell extract and 12 µM RNA aptamer. When generating RNC, 4 µM anti-ssrA oligonucleotide was added to prevent degradation by the tmRNA pathway 3 . The protein products were either analyzed by SDS-PAGE or, in the case of RNCs, affinity purified as described below.
Ribosome-Nascent chain (RNC) purification: Homogeneous stalled RNCs generated from in vitro translation described above were purified by affinity chromatography 3, 13 using a Strep-Tactin Sepharose (IBA, Germany) column and eluted with 2.5 mM desthiobiotin. RNCs were concentrated by ultracentrifugation at 55000 rpm for 3h at 4°C in TLA-55 rotor (Beckman). The ribosomal pellet was dissolved in a small amount of buffer (50 mM KHEPES, pH 7.5, 100 mM KOAc, 100 mM Mg(OAc) 2 , 2 mM DTT, 10% glycerol) and the RNC concentration was quantified using OD 260 . The purified RNCs have been shown to serve as functional cargo in protein targeting assays and the presence of the affinity tag on the nascent chain does not affect SRP binding 4 .
Fluorescence measurements: All steady-state fluorescence measurements were carried out at 25°C in assay buffer (50 mM KHEPES, pH 7.5, 150 mM KOAc, 10 mM Mg(OAc) 2 , 2 mM DTT, 10% glycerol) on a Fluorolog-3-22 spectrofluorometer (Jobin Yvon, Edison, NJ). FRET experiments were carried out using an excitation wavelength of 360 nm and an emission wavelength of 453 nm. The Förster radius for the 7-hydroxycoumarin and BODIPY-Fl dye pair was estimated to be ~ 45Å 14, 15 . All FRET measurements were performed with RNC 1A9L labeled at position 56 (2 residues downstream of the signal sequence) and SRP labeled with BODIPY-Fl at position 421. FRET efficiency (E) was calculated according to Eq 1:
in which F DA and F D are the fluorescence intensities of the donor measured in the presence and absence of the acceptor, respectively.
The equilibrium binding affinity of RNC 1A9L for SRP was measured by titrating aliquots of BODIPY-Fl labeled SRP into 20 nM RNC 1A9L labeled with Cm. The buffer also contained 100 µM GppNHp, a non-hydrolyzable GTP analogue. After each addition, the sample was allowed to equilibrate at room temperature and the decrease in donor emission was measured. RNC control , generated from translation of wild-type 1A9L in the presence of Cm and purified in parallel, was used for background subtraction. This accounted for light scattering due to the ribosome as well as any background fluorescence due to non-specific binding of Cm to the ribosome. The FRET values were plotted against SRP concentration and the data were fit to Eq 2:
in which E max is the maximum FRET efficiency at saturating SRP concentration, and K d is the equilibrium dissociation constant of the RNC•SRP complex.
Rate constants for RNC-SRP binding were measured on a Kintek stopped-flow apparatus at 25°C. The observed rate constant for formation of the RNC SRP complex (k obsd ) in the presence of 100 µM GppNHp was measured by mixing 50 nM RNC 1A9L with 150, 300, 450, and 600 nM BODIPY-Fl labeled SRP. The dependence of k obsd on SRP concentration was fit to Eq 3,
in which k on and k off are the association and dissociation rate constants, respectively, for the RNC•SRP complex.
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Supplementary Figure 1 : In vitro amber suppression in a model protein chloramphenicol acetyltransferase (CAT). Translation reactions were carried out as described for wild-type CAT (lane 1), or for CAT 109 amb in which the codon for Tyr109 was mutated to the amber codon (lanes 2-4, and 6). Amber suppression reactions were carried out in the presence of all the orthogonal components (lane 6), or in the absence of tRNA CUA , Cm or the aaRS (lanes 2, 3 and 4, respectively). The reaction in lane 2 used an S30 extract prepared from cells that did not harbor the pEVOL plasmid. Translation products were visualized by labeling with 35 S-methionine and SDS-PAGE and quantified relative to wild-type CAT (lane 1) using autoradiography.
Supplementary Figure 3 : RF-1 inhibitor has a larger stimulatory effect on a less-efficient suppression system. The amber suppression reactions in this figure used S30 extracts prepared from E. coli KC6 cells harboring the pBAD/JYAMB-4TAG-Myo plasmid, which codes for an earlier generation of tRNA CUA that was not optimized for the E. coli translational machinery 17 . Translation products were visualized and quantified as in Supplementary Figure 1 . 
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